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Abstract
This study extends the socio-cultural Vygotskian theory of scaffolding with the application of knowledge conversion processes 
based on Socialization, Externalization, Combination and Internalization (SECI) model to the Asynchronous Online Discussion
Forum (AODF) environment in order to exp
engagement, cognitive performance and general critical thinking skills. The proposed framework will be helpful for instructors to
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1. Introduction
The use of Asynchronous Online Discussion Forum (AODF) is becoming critical in online learning as AODF is 
currently being used increasingly to develop thinking skills through gradual infusion and
immersion of teaching critical thinking in the embedded method perspective. It is believed that students are able to
think critically about the subject content and they have more time to structure and organize their thoughts before
asking questions or making statements in this kind of platform. Therefore, students are expected to make high level
cognitive contributions rather than just rote memorization of content [1][2]. However, previous researches
found that the proportion of the posting messages from the AODF platform indicating critical thinking engagement
were rather low cal thinking [3]. They found that students failed to engage in deep
conversation and provide thoughtful and reflective contributions related to the discussion requirement. Hence, they
concluded that AODF has not been sufficiently utilized because the instructors and students were only interested
and involved in the teaching and learning for mastery instead of higher order thinking skills.
2. Review
Increasing research findings tend to associate scaffolding as the instructor role with critical thinking. They
through the scaffolding processes is important 
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in immersing students in critical thinking and encouraging students verbalizing their critical thinking in the teaching 
and learning process. This is in line with the point of view by Abbas and Ahmad [4] and Hosseini [5] that critical 
thinking can actually be seen as being in the domain of tacit knowledge of an instructor as the subject matter expert. 
In this study, tacit knowledge refers to the hidden valuable knowledge that the expert has gathered from experience 
which resides in his head and difficult to be written down. Yet, the delivery of the instructor expertise in a form of 
critical thinking skills to their students can occur indirectly through the question and answer session in the AODF 
environment between instructor as an expert and students as novices which might trigger the 
thinking to be revealed, transformed and internalized by students. 
Since critical thinking is a tacit knowledge of an expert, Abbas and Ahmad [4] and Hosseini [5] suggest that 
teaching of expert behaviours such as tacit knowledge can be best developed through employing the expertise model 
proposed by Nonaka and Takeuchi [6], popularly known as the SECI model. The SECI model reflects best to this 
current study as most of the AODF hidden processes also applied to the process of knowledge generation involving 
socialization, externalization, combination and internalization. Thus, tacit knowledge including explicit knowledge 
are best cultivated and manifested in a shared context via AODF that enables knowledge sharing, where every 
knowledge explicit. 
According to Vygotsky [7] and social constructivism theory, higher level thinking will be most appropriate to be 
the AODF medium. Critical thinking emerged and developed as a result of the interaction processes with the 
mindset of the expert critical thinker (instructor) in the form of a dialogue before it is formulated to be the self 
thought of the novice (student). Following the exponential interest in Vygotskian theory in recent decades, it has 
been increasingly accepted that instructors should try to help learners engage in thinking at higher levels through 
scaffolding [8]. Vygotsky emphasized that the full cognitive development requires social interaction through 
problem solving under adult supervision [9]. Furthermore, the importance of expert-novice communication in the 
 
There are a number of studies assessing critical thinking and scaffolding through AODF but most of these 
studies did not provide enough evidence to support the relationship between instructor scaffolding and critical 
thinking. The current state of scaffolding as an instructor role currently applied through AODF platform was either 
relatively passive or minimal scaffold and even if the instructor was providing active scaffolds, the scaffold was still 
abstract and extremely general. Moreover, in most studies reviewed, the instructor postings were not analyzed. 
 Thus, 
this research addresses the following question: 
ersion processes based on SECI 
effects the three different dimensions of critical thinking measurement which involve critical thinking engagement 
in the AODF, the transfer towards subject-specific critical thinking and general critical thinking? 
3. A Proposed Conceptual Framework 
With the aim of investigating the effects of instructor scaffolding types on student critical thinking skills via 
AODF, this study extends the socio-cultural Vygotskian theory of scaffolding by applying the Nonaka and Takeuchi 
SECI model knowledge conversion processes to the AODF environment. This study proposes a conceptual 
framework to describe interactions between the instructor and students via the AODF platform when analyzed using 
the SECI model. Interaction between students and instructors during the instructional process is an important stage 
during which the instructor imparts knowledge and students absorb knowledge in order to transform tacit knowledge 
into explicit knowledge. The essence of teaching and learning higher order thinking is a transformative process from 
tacit knowledge to explicit knowledge. Tacit knowledge is socialized and externalized, while explicit knowledge is 
combined and internalized. Instructors and students exchange tacit and explicit knowledge by dialogue via AODF. 
Therefore, the SECI model can explain the processes of direct and indirect scaffolding which occurs between the 
instructor and students.  
During the socialization process, interaction and discussion occur between the instructor and his or her students. 
Throughout the discussion and communication process, students are able to absorb the tacit knowledge of the 
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instructor. In the externalization process, the instructor externalizes his or her thoughts through different types of 
promotes students to think, 
explore and analyze problems.  Therefore, during question and answer sessions with the instructor, tacit knowledge 
will be disclosed,  assembled, and edited to explicit knowledge. The different types of expert guidance and 
scaffolding will be prompted through dialogue between instructors and students as well as interactions among 
students via the AODF environment. In the combination process, students will articulate their thoughts while 
engaging in a critical thinking dialogue. Students later make sense and combine the explicit knowledge through their 
experience, including taking responsibility for the tasks assigned to them. Finally, in the internalization process, 
students internalize their experience and later apply their knowledge in a new context. As a whole, appropriate 
scaffolding from expert will influence the intensity of socialization, externalization, combination and internalization 
p  
3.1. Instructor Scaffolding 
In this study, the instructor scaffolding types is adapted from Reingold et al. [10]  TIOS tool in order to identify 
the most dominant and frequently support given to the students and which of the various types of scaffolding is 
environment. The TIOS tool consists of four types of scaffolding (i.e. technical, content, procedural, metacognitive).   
3.2. Critical Thinking 
Due to the different versions and definitions of critical thinking and recommendations for better instruments for 
testing critical thinking is vital, this study aims to expl
The main purpose is to see if students who exhibit 
higher quality of critical thinking engagement in the AODF might have better cognitive performance and general 
critical thinking scores. 
3.2.1. Critical Thinking Engagement 
engagement in the AODF is adapted from Perkins and Murphy [11]  
model for identifying critical thinking processes or assessing individual critical thinking engagement in the context 
of online discussions. Four critical thinking processes were identified (i.e. clarification, assessment, inference, 
strategies). Clarification includes all aspects of proposing, describing, or defining an issue; assessment refers to 
various types of judgments, including the use of evidence to support or refute an argument; inference covers 
inductive and deductive reasoning, and all other thinking skills; strategies include proposals for dealing with the 
issue under consideration.  
3.2.2. Cognitive Performance  
In order to test for critical thinking changes in the subject area using instruments appropriate for that content, 
-
[12] taxonomy of educational objectives that describe all 
learning as a progression through six phases: knowledge, comprehension, application, analysis, synthesis and 
ultimately evaluation. Moreover, while the majority of researchers still refer back to [12] taxonomy in 
characterizing critic
are application, analysis, synthesis, and evaluation [13]. Therefore, in this study, stu
will be measured by [12] taxonomy as the classification of educational objectives because the cognitive 
domain is still dominated by Bloom [8] and majority of education researchers have consistently based their theories 
 
3.2.3. General Critical Thinking 
from the conceptualization of  the 
Malaysian Critical Thinking Model by Mahdzir [14]. The conceptualization of the respective model is a result of the 
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consensus obtained from the experts involved in the qualitative requirements of her study. The Malaysian Critical 
Thinking Instrument - Version 4 (MaCTIv4) developed from the model will be adopted for this study in order to 
 thinking skills. MaCTIv4 was designed to measure four areas: 
cognitive complexity, disposition of mind, metacognition and conscience. Specifically, cognitive complexity 
components are to address the primary skill areas of issues identification, evaluating the credibility of statements, 
induction, deduction, assumption, inference and evaluation of argument. The second measure is to address the 
disposition to think critically, and third measure is to address metacognition. The forth component, conscience is to 
address values that one holds as the foundation in decision making or in evaluating a situation [14]. Figure 1 shows 
the proposed conceptual framework to investigat














Figure itical thinking skills via 
AODF 
4. Research Method 
This study is an exploratory study which adopts a quantitative approach, specifically utilizing the one-group pre-
test post-test design with the triangulation of quantitative and qualitative data. Data will be collected from multiple 
sources of evidence including AODF transcripts, performance test, standardized test, questionnaire, interviews, log 
data and observation checklist. This study will be carried out in 2 phases. In the first phase, six research instruments 
consisting of the discussion task materials, tool for analyzing instructor's online scaffolding (TIOS) examples, 
critical thinking coding scheme sheet (CTCSS), cognitive performance test (CPT), knowledge conversion processes 
of critical thinking based on SECI (SECIQ-CT) questionnaire and the interview script will be developed. A pilot 
study will then be carried out to revise and validate those research instruments. 
In the second phase, an empirical study utilizing the one-group pre-test post-test design will be carried out in 
fourteen weeks with the involvement of undergraduate students enrolled in CD-ROM Based Multimedia 
Development course. Five problem-solving scenario tasks assessments for the online activity within the AODF 
platform in the Moodle LMS will be explicitly structured in the course outline.  The problem-solving scenario tasks 
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will be comprised of a set of discussion activities designed to provoke or motivate students to think critically, in an 
attempt to develop an educational multimedia courseware. The instructor will assist them by scaffolding their 
thinking at both the group and individual level. The Cognitive Performance Test (CPT) and the Malaysian Critical 
Thinking Instrument (MaCTIv4) test will be administered before and after treatment in order to evaluate the 
baseline measurement and progression of critical thinking ability. Besides that, students will complete the self-report 
Knowledge Conversion Processes of Critical Thinking based on SECI (SECIQ-CT) questionnaire after the 
treatment. Ten students, all active users of AODF, will be selected as samples from the group to participate in a 
semi-structured interview. 
Instructor and student qualitative postings from the AODF transcripts in a form of text data will be transformed 
into quantitative data in terms of the frequency of occurrence. Quantitative data from the performance test, 
standardized test, questionnaire, log data and observation checklists will be analyzed using descriptive statistics, 
inferential statistics and data mining technique, while qualitative data from AODF transcripts and interview will be 
analyzed using content analysis to support the findings of quantitative data. Data will be quantitatively analyzed 
using SPSS. In addition, log data from the Moodle LMS which consists of login frequency, visit history, number of 
messages and time spent on the AODF will be utilized to construct participation profiles in generating an 
 in order to examine the quantity 
and quality of the posts and to examine the process including the sequences of actions the instructor and students 
take in the process of participating in AODF that might lead to critical thinking engagement. Based on the research 
findings from the combination of qualitative and quantitative data, a framework of online instructor scaffolding in 
 
5. Conclusion 
As the existing body of research is too small to provide strong theoretical and practical grounding for the process 
of scaffolding critical thinking in the AODF environment, this research is expected to help assess the ability of 
teaching critical thinking through this kind of platform. Furthermore, the development of a framework may help 
reveal an optimal instructor scaffolding type for optimizing student cognitive outcomes. The framework may also 
predict student performance and how the enhancement of critical thinking occurs. The framework will offer online 
course designers and instructors necessary information on how to offer scaffolding improvements in the right 
direction to move the students towards more advanced forms of critical thinking engagement. 
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